A novel Gram-stain-negative, aerobic, non-motile and short-rod-shaped bacterium, designated RP18
The genus Sphingomonas, which is classified in the family Sphingomonadaceae, the order Sphingomonadales and the class Alphaproteobacteria, was originally proposed by Yabuuchi et al. [1] and has been emended by Takeuchi et al. [2] , Yabuuchi et al. [3] , Busse et al. [4] and Chen et al. [5] . The common characteristics of species in the genus Sphingomonas are cells that are Gram-stain-negative, strictly aerobic, rodshaped, yellow-pigmented and chemoheterotrophic. Cells of the bacteria possess ubiquinone 10 (Q-10) as the major respiratory quinone and contain glycosphingolipids instead of lipopolysaccharide in their cell envelopes. The lipid composition typically includes C 18 : 1 and C 14 : 0 2-OH as the predominant fatty acids [6] , and the major polyamine is sym-homospermidine [7] . The genus Sphingomonas has increased considerably in size and comprises 99 recognized species at the time of writing, according to the LPSN database (http://www.bacterio.net). Species of the genus Sphingomonas are widely distributed in a variety of environments such as different types of soil [8] [9] [10] , water habitats [11, 12] , plant root systems [13, 14] , clinical specimens [15] , environments contaminated with toxic compounds [16] and other locations [17] .
In this study, strain RP18
T was isolated from forest soil in Gwang-ju, Republic of Korea. Soil samples were suspended in distilled water sequentially by the 10-fold dilution method, and 100 µl of the diluted soil water was inoculated on modified R2A agar (1.5x concentrated; 4.5 g R2A broth l À1 and 15 g agar l
À1
; Lab M) at 30 C for 5 days. Very poor growth of strain RP18
T was observed in the presence of 0.25 % (w/v) NaCl. After incubation, circular, convex, smooth, yellow-coloured colonies were identified. The isolate designated RP18
T was routinely cultured on modified R2A agar at 30 C and stored at À80 C in R2A broth containing 20 % (v/v) glycerol.
The genomic DNA of strain RP18
T was extracted using an InstaGene Matrix kit (Bio-Rad). The 16S rRNA gene sequence was amplified with four primers, 27F, 1492R, 518F and 800R [18] , and sequenced by Macrogen (Seoul, Republic of Korea). The sequences were corrected and merged using BioEdit (version 7.2.5) [19] . In total, 1404 nucleotides were determined. The 16S rRNA gene sequence was compared with available 16S rRNA gene sequences using the EzTaxon-e and BLAST applications [20, 21] . Strain RP18
T showed the highest 16S rRNA gene sequence similarity to Sphingomonas kyeonggiensis THG-DT81 T (96.0 %) [22] , followed by Sphingomonas pituitosa EDIV T (95.4 %) [23] , Sphingomonas dokdonensis DS-4 T (95.2 %) [24] and then Sphingomonas molluscorum KMM 3882 T (95.1 %) [25] . The phylogenetic affiliation of strain RP18
T was assessed with multiple sequence alignment, which was performed using the SILVA application [26] . Phylogenetic trees were reconstructed using MEGA (version 6) [27] with the neighbour-joining (NJ) [28] and maximum-likelihood (ML) [29] algorithms. Evolutionary distances were computed using the Kimura-2 parameter method [30] , and Rhodospirillum rubrum ATCC 11170 T (GenBank accession no. CP000230) was used as an outgroup. The robustness of the trees was evaluated using the bootstrap resampling (1000 iterations) method in MEGA [27] . Strain RP18
T was clustered with Sphingomonas gimensis 9PNM-6
T [31] and Sphingomonas jejuensis MS-31
T [32] in the NJ and ML trees (there was 99.7 % sequence similarity between S. gimensis and S. jejuensis), suggesting that strain RP18
T represents a novel species of the genus Sphingomonas (Fig. 1) C) was assessed in modified R2A broth. The pH range for growth was investigated in R2A broth by adjusting the pH conditions (pH 4, 5, 6, 7, 8, 9 and 10). The following buffers were used to achieve the desired pH: 10 mM acetate buffer for pH 4-5, 5 mM phosphate buffer for pH 6-8 and 5 mM glycine/NaOH buffer for pH 9-10. Growth on LuriaBertani (LB; Lab M), MacConkey (MAC; Lab M), nutrient agar (NA; Lab M), plate count agar (PCA; Lab M), R2A (Lab M), modified R2A and tryptone soy agar (TSA; Lab M) was tested. Growth under anaerobic conditions was assessed on modified R2A agar after incubation in an anaerobic jar at 30 C for 7 days according to the manufacturer's instructions (BD GasPak EZ Anaerobe Container System Sachets). Salt tolerance was examined at 30 C in modified R2A broth containing 0-1.0 % (w/v, in 0.25 % increments) and 2.0 % (w/v) NaCl. Pigment analysis was conducted according to the method of Denner et al. [23] . Motility and gliding motility were respectively determined by the motility medium method [33] and the hanging-drop method [34] .
The biochemical characteristics of strain RP18
T were investigated using the API 50CH, API ZYM and Vitek 2 GN system (bioM erieux) according to the manufacturer's instructions, except sterile distilled water was used instead of 0.9 % NaCl. Oxidase activity was determined using dimethyl-p-phenylenediamine oxalate-impregnated discs [35] . Catalase activity was assessed by bubble production in a 3 % (v/v) hydrogen peroxide solution [33] . Nitrate reduction was determined in a nitrate broth according to the method of Barrow and Cowan [33] . The degradation of aesculin (aesculin iron agar), casein (2 % skimmed milk), carboxymethylcellulose (0.5 % carboxymethylcellulose overlay agar), gelatin, L-tyrosine (0.5 % L-tyrosine agar), starch (0.2 % starch) and Tweens 20, 40 and 80 (2.5 %) was investigated as described by Barrow and Cowan [33] , Bernardet and Kerouault [36] and Mccammon et al. [37] . Antibiotic susceptibility was assessed according to the conventional Kirby-Bauer method [38] . The following antibiotics were tested on modified R2A agar at 30 C with filter paper discs (8 mm diameter; µg per disc unless otherwise stated) [39] : ampicillin (10), chloramphenicol (50), gentamycin (30) , kanamycin (30) , penicillin G (10 IU), polymyxin B (300 units), streptomycin (10) and tetracycline (10) . Detailed data are provided in Table 1 and in the species description.
Cells of strain RP18
T were grown on modified R2A agar at 30 C for 5 days for fatty acid analysis, with S. pituitosa, S. jejuensis, S. dokdonensis, S. molluscorum and S. kyeonggiensis. Whole-cell fatty acids were saponified, methylated and extracted using the standard MIDI protocol (Sherlock Microbial Identification System, version 6.1) and subsequently analysed using a Hewlett Packard model 6890 gas chromatograph. Fatty acid compositions were determined by utilizing the TSBA6 database of the Microbial Identification System [40] . The polar lipids of strain RP18
T were extracted, separated by two-dimensional TLC and identified by the method of Komagata and Suzuki [41] . Isoprenoid quinones were extracted from freeze-dried cells with chloroform/methanol (2 : 1, v/v) and analysed according to the method of Komagata and Suzuki [41] . Polyamines were extracted from cells grown on modified R2A agar, which were harvested at the late exponential growth phase as recommended by Busse and Auling [42] . The analysis of polyamines was conducted according to Busse et al. [43] , and S. pituitosa EDIV T was used as a reference strain. The G+C content of chromosomal DNA of strain RP18
T was determined by the method of Mesbah et al. [44] .
Strain RP18
T was Gram-stain-negative, aerobic, short-rodshaped and non-motile but showed gliding motility. Growth occurred at 15-30 C (optimum 30 C), at pH 6.0-7.0 (optimum pH 7.0). Compared with the reference strains in the genus Sphingomonas, the growth of strain RP18
T was inhibited in the presence of NaCl (Table 1) . Very poor growth was observed with 0.25 % (w/v) NaCl. Phylogenetic analysis with the NJ and ML algorithms showed that strain RP18
T was clustered with S. gimensis 9PNM-6 T and S. jejuensis MS-31
T (Figs 1 and S2) . In contrast to S. jejuensis, strain RP18
T was negative for oxidase activity and was not able to produce acids from various carbohydrates ( Table 1) . The major cellular fatty acids (>6 % of the total) of strain RP18 T were C 16 : 0 , C 14 : 0 2-OH, C 17 : 1 !6с, summed feature 3 (C 16 : 1 !7с and/or C 16 : 1 !6с) and summed feature 8 (C 18 : 1 !7с and/or C 18 : 1 !6с) ( Table 2 ). The fatty acid profile was similar to those of species of the genus Sphingomonas [22] [23] [24] [25] 32] ; however, strain RP18
T contained a relatively small amount of summed feature 8 (C 18 : 1 !7с and/or C 18 : 1 !6с) and a large amount of C 15 : 0 2-OH and C 17 : 1 !6с compared with the reference strains. The major polar lipids of strain RP18 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, phospholipid and sphingoglycolipid (Fig. S3) , which were very similar to those of S. dokdonensis DS-4 T [24] , whereas the other reference strains showed distinct polar lipid profiles. The major respiratory quinone and the major polyamine were ubiquinone-10 (Q-10) and sym-homospermidine, respectively (Fig. S4) , which were the same as those of the species of the genus Sphingomonas [6] . The DNA G+C
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Novosphingobium capsulatum GIFU 11526 T (D16147) T was 61.5 mol%, which was lower than those of the six reference strains (63.7-69.4 mol%) (Table 1 ) [1, [22] [23] [24] [25] 32] . The physiological and biochemical characteristics of strain RP18
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T are described in detail in Tables 1 and 2 and in the species description.
Based on the morphological, physiological and biochemical characteristics, strain RP18
T can be regarded as a representative of a novel species in the genus Sphingomonas, for which the name Sphingomonas silvisoli sp. nov. is proposed.
DESCRIPTION OF SPHINGOMONAS SILVISOLI SP. NOV.
Sphingomonas silvisoli sp. nov. (sil.vi.so¢li. L. n. silva forest; L. n. solum soil; N.L. gen. n. silvisoli of forest soil).
Cells are Gram-stain-negative, aerobic and have a short-rod shape that is 0.5-0.6 µm wide and 0.8-1.2 µm long. Cells are non-motile and do not have flagella. Colonies on modified R2A (1.5x concentrated) are circular, convex, entire, smooth and yellow-coloured. Growth occurs at [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] C (optimum 30 C), pH 6.0-7.0 (optimum pH 7.0), and is inhibited in the presence of NaCl. Very poor growth is observed with 0.25 % (w/v) NaCl. Growth occurs on R2A, modified R2A and NA, and weakly on PCA, but not on LB, TSA or MAC. Cells are positive for catalase activity, but negative for oxidase activity. Carotenoid pigments are produced. Cells are positive for the hydrolysis of aesculin but negative for the hydrolysis of gelatin, casein, starch, L-tyrosine, carboxymethylcellulose and Tweens 20, 40 and 80. Nitrogen reduction is not observed in nitrate broth. In API ZYM tests, cells are positive for acid phosphatase, alkaline phosphatase, a-glucosidase, b- T (data taken from Yabuuchi et al. [1] ). For strains 2-6, all data except for the DNA G+C contents of the reference strains (taken from Denner et al. [23] , Park et al. [32] , Yoon et al. [24] , Romanenko et al. [25] and Son et al. [22] , for strains 2-6, respectively) were obtained in this study. +, Positive; À, negative; W, weakly positive; ND, not determined. 
Hydrolysis of: *Different results were reported by Denner et al. [23] . †Different results were reported by Park et al. [32] . ‡Different results were reported by Yoon et al. [24] . §Different results were reported by Romanenko et al. [25] . ||Different results were reported by Son et al. [22] . The type strain, RP18 T (=KACC 18914 T =JCM 31801 T ), was isolated from forest soil in Gwang-ju, Republic of Korea. The DNA G+C content of the type strain is 61.5 mol%. 
